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Abstract 



I PROBLEM TO BE SOLVED: Jo manufacture an element wherein a grant magneto-resistive(GMR) effect or 



: lUllllC 

1 1 cluster electrode, or cluster electrode layer and selecting an appropriate material. 
1 SOLUTION: A magnetoresistive element comprising an electrode (A component), spacer (G component), 
1 j forced layer (F component), and cluster electrode (A component), or a magneto-resistive element (comprising 
1 j: S forced layer (F component), ferromagnetic electrode (A component), spacer (G component) and cluster 
1 ! layer (K component) is formed on the upper surface of an insulating substrate (B component) comprising 
1 j non-magnetic material by combination of an MBE method, lithography method, and strong external magnetic 

field as well as thermal process, so that an MR composite element comprising MR single element of m3 
I ! pieces or a magnetoresistive single element wherein a magnetic reluctance(MR) significantly drops under 
||;:application;of a t 
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inm i ] 0i est* 3 *e*ss*R9 1 ( Bi« 

#> W±t. » 1X^-9-5 1 (G«#) . 
81 (A*#> , »2**-f*-5 2 (GfiJtfr) . SI 
fGB14 1 (Clftft) tdi->fc«WC. n (n=2-l 
0) BSD (D = 0. 5~50nm) . ©£H1 
(H1SD:H1=0. 5~50nm) *r#o351 ?7 
X?«®6 (AJR#) t'-A-lW 
(Molecular-Bean Epitaxy :MBE) i£. 

5X*IHX'M*-5 6 (Gjft#) *»*U I32&8 
14 2 (CR*) . v ^-9^1 (Am) - (H 
W (W~D. W=l~- 50nm) . L (L>W. L 
=5~5 0nm) f)Sll3§8WSl 1 <Ffi£#) 
2SMJI 12 (W~D. L>W: FEfcft) fcfcRlt. * 
3X^-t-5 3 (Gift*) . £2€®8 2 (A*#) 
iJ.fctfflMX'MlJ— 5 4 (Gjfi*) Sr«»b£$Ji* 

is^$i.$2ti. aitf. *i??x 

jnifetiT. JraeSmfcBMfcSfi*. »2??x*« 

»oaft*i*wi. Sl^ii^2SSlJl^c«^: , }. (a) 
¥ffi0^m i fc iii c m2^i!S<7>ft^*i j nt-»^^ 

W. -f ( c ) BmSlW&A^SW*l*llC. Mb 

&k#. m2^9x^«ffi<oxt:y«o*i*rt±. §&c§3 
!,%JMiWlO*I*It3Htf4. *flfcJ:tfW2«SfiKc 

.to. «sua5ifflt^^ftT* { *ts. mmi 2£ 

BaSWi*****^* 1 ?, MBE£ < 

m-2>Zkt:Witt&. iLUoMSti&il (MR) *=f 

Lt . HRRIS 1 1 WBBW*«6*F«W4H 1 It. 
ffiftjf 10 1 (Dfifcfr) £»*5i/Uf£7$®<i01 2 

ft) <^)±ic. SSlX^-9— 51 (GrtMfr) . SUSS 
81 (A*») . »2*'Oftf-5 2 (Gjfcft) . mi 
KIM41 (Cj&ft) fc*-»fcf«?. n (n = 2~l 
0) (fflcO. USD (D = 0. 5-50nm) . HiSHl 
(Hl^D: Hl=0r 5~5 0nm) (7)7 7 X? £11 

nut. ft\9jx*%&b (Am) tw**? 

— • t"— Z. • xe?=*v (Molecular-Bean Epitaxy :M 

jfcU *W±£. ^7X^X^-^-5 6 (GJR»> 
WRRU SB2&8J14 2 (Cjfi») . ffS2?7X?m 

mi (Am) t. ?7^?Mi:ffici^ii3ssi 

111 (Fm) fcfcWt, *3X^>f-t-5 3 <G* 
&) . &216ffi8 2 (A*#) *J«fc^»4X^-v fc -5 



4 (Gfc#) SfMUfcflBS*»^. ^fiikftSgl. 
m2m«i, »l??x*«Wi. ±T<?5X^ 

■t-coffl# (ci 0 . wrx-itiai ^tiX . IffifcSlI 
te. -f&;b*>. (c) ISIcB@W*¥^ri*lKKft$iT.2>. 
j|t 2 9 ? x ***0BMfc* l*lli. * 1 5MW 1= i 0 . 

«. SUi. »l5W«k»l^5^«l«)BNc. £ 

¥B5l2fcfcUT. JfcffifcStt*l*k •f&fc'ks 
(c) ffllfflllcO^A^t^lSlt*. Sn*>-S . S2^ 

7x^m@^xb-y^^i*i(i. ^ic^v^ana^)* 
i*it3Mtr * . » i it«*2mffiiai-«^-«^^i 

^ft'SrO. MBEjS (X^>y^-&. **V«, 

. 'JV^97-<tt. x/f-y^ffi. fSdJ 

mfc-ra. ±i2^a^«tn: (mr) av* 

WfW*a. H^JH2^^t5**i i J:tT. fS^l 

(vm) zfWM>i£#wmt&i2£* zti?ti 
immi 03csrrj:dc. «aa«9i (bis 

OT±<C. KlX^-t-5 1 (Gfifcfr) . ISllSffi 
8 1 (Agt^r) . §S2X'Vr-?-5 2 (Gm) , ^1 
^tl4 1 (Cm) IzmitcmmX'. n (n=2~l 
0) (1^0. BSD (D = 0. 5 — 5 0nm) . ft£Hl 
(H1^D:H1=0. 5~50nm)^O?l?5 
X^m®6 (AG!c#) . m (W~D. W=l-50n 
m) . ft£L (L>W. L=5~50nm) cr>&l%ffl 

11 1 (FBK*) , ftj:^ S&23SSU1 12 (w-d. 

L>W : G)ft#) k*. ^^5" • t'-A • It? 
dfv (Molecular-Beam Epitaxy :MBE) ffi. l»y/5 

3X^^-5 3 (Gm) .m2m@8 2 (Afifc*) 
«J:tffll4^'f*-54 (GEStfr) tWBlteffifc* 

ncBMtsn*. mi?7x?m©±. mifcj:y r m2 

UMIIC <k 9. < a ) ^ffiHcom 1 2 
Tffi0fcfc^t. atffitSl^rifi]. i^^. ( c ) fl 

ffi0o**^t^i6it jd^s 1 1 . m i ? ?x?m@ 

oxty^i*Jii. ««K»v\}1.araMW>*I*IJcK<tt 

4. mifc«t^m2mii0t^-^^5'^^ i3 

l),MBES (XA--,?H£. fc^v^i. ^^)fl&<o^i 
*JS) . >JV^57<iS, x.y^>^, H*4JMB8 
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_te<o«*jKR <mr) m=?<mteii£v*nim 
m. mons^wtivtt^ttx. mm iwe 

IW-**&SfflMKiE!l 1 t« 101 

#) 5-fiAji^3gi^®ti012tc, fiirii^^ix 

[M**4 ] H4 CwrfJ: o 1 ( BfiK 

<r>is,z, ipix^-t-5 i (Gis#) . mmffi 

81 (A*#) . fS2-X*U-f-52 (GfiKtt) . f51 
JSHJ14 1 (Cjft#) n (n=2~l 

0) ffi^X ifiSD (D = 0. 5-50nm) . aSHl 
(H1£D:H1=0. 5-50nm) «?7^^5:ffi 
yjLfc. mi^5X^^S6 (Ajfcft) k, ?9**5>l 
t¥fffcaLC«Wl!MMil 1 < F **> MBE 
ft. 'J v^97 < afcii^x/^y/atJ: 9fft*U 

-^COilC H3X^U--53 (Gjfc») , *J2««8 
2 (Ajft#) J3j:tf»4*^-*-5 4 (G«#) 
*US«a*»fc. Si^HtS81. Hit/. 
g52®E8 2(;L ITWUV-V&Zfcj;'). Ih-f 

6 OHMtfrldtt. S 1 *Wi 1 1 K«t 9 , (a-) 
^fflH^lSMIl 10**#«fc*fffcWW*«- 
6. Site. *l3MWfc*l??***tttfB£* * 

vWg8H3P§^\ ^fflat^v-vT. SEEteSit&fo. 

( c ) Mffi0co^A^£^[6JtwJat>?. k t . % 
l^x^mgcoxt-yco^fSNi* S££3S^fl-2OT& 
njflKjEftti . flt l fc± tfW 2WBIBfc1IW-£*> 

OfSfitfrhtc*) * MB Eft (X^-y?-ft. *>S^*±. 

£#$!k-r£, ±ie^S^ffi*i (MR) #F0>»»isJ: 

HI 1 fcEa*4*£*?#fflli01 1 C> fflSJH 1 0 
1 (D*#) £fi*^*:*^!S«±012U:, -E-ix-T 

«±fc. mix^'t-si (GfiR^) . mmffi 

8 1 (AJ&ft) , m2-^^-t-5 2 (Gffcft) . 811 
$gjgl4 1 (Cfcft) n (n = 2~-l 

0) M<?>. MSD (D = 0. 5~50nm) . iSSHl 
(H1SD:H1=0. 5 — 50 nm) (7)7^X?£K 
HLfc.-*U?9X*«*6 (A|£ft) MBEft. 

yy^7<ftJ3*i^^^ftK±9fti£U **> 

±jiZ, IS 3X^^-5 3 (GjRft) *Wibfc»a* 
^ffik&£SSimffi8 Hi. iT*)**^*-* 

fli. iOfllJSW^. ±»W <W2) 8S3X 



#fol±s H 1 fcjKOfclM XC-T* i k fci 0 . 

it. ^*cav^i«a*o*mt:mtt4. $i^$*j 

k. Hv^MBaWwroUDKJ: 1 ). «SfflH**K***tt 
T**£tS. M*JR1 2 fciSttS ftfc&lfcft* 1 £ & 9 . 
MBEj£ (^^-i. *iv»tt, W&<r)$W> 

1 1 mm i o i 

S«*j^«f*fl»WlHl 2t, WfiwSiVCV* 

[|f*«6] H6fc*L*:J:3K. WKHK91 (B 
^17.^^-5 1 (Gfig^) . «1« 
g81 (A*^) , ^2X^-t-5 2 (G^) , % 
116814 1 (C*^) lzMitzmX\ n (n = 2~ 
1 0) IcO, ittgD (D = 0. 5~50nm),^§H 
1 (HUD:H1 = 0. 5~5 Onm) C0^57^S: 
EWLfc. ^1^7X^mffi6 (A«») . HW(W~ 
D, W=l~50nm) , «§L (L>W. L=5-5 
Onm) WS19SMH11 (F*^) SJ:tfMI2!IMJI 
1 2 (W~D. L>W: F&ft) k*. MBE^, 'JV 

C ^3X^-^-5 3 (Gjfi*) iSUBLfeflfit^^ 
4. ^fg3i<o*S\ ±») (*2) «Bi. ^3X^ 

^Hf-5 3-cf^§its. m\9yxfn.m^m^ 

H±.W.l&W%2m\m<m*lz£r). ( a )^ii 

1 2tte»Safc#^*^^0. MBES iZJ*<v9 
ft. x-y-J-y/ft, »*«rfMWWl«)ai»«J:tfflWH 

ic«ko#s-r&-k^^®ki-&» ±E^8»oa« (m 
ms^k lt . a^jg 1 1 catjs^wi 

1 ltl, igfil 0 1 (Dj£#) ^ffl^ii^*^® 
[|«*«7] H7t3StJ:3t=. 1 (Bj£ 
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ft) <0±(C SB 1X^4-9-5 1 ( Gf8.ft) , SBl^ffi 
81 (AJ*#) S2^^f-9-5 2 (Gj£#) . $1 
10W4 1 (Cffctf) n (n = 2-l 

0) 1<0. ttSD (D = 0. 5-50nra) . SSH1 
(H1£D:H1=0. 5~50nm) ^7^^582 
flILfc, 8177**^6 (Afifcfr) k. ^ilC¥fr 
K&C*f»l3WI)ll 1 ( Ffifcfr) Sr. MB Eft. UV 

fc. ^3X^-t-5 3 (G«#) $r*81L£}M$:8 
«ffik*£*l«S81(i, h/FOX^-*- £>§S 

$t,z£*). u-rx-itiathtix. jfEcsEcatftsft 

±*«) <»2) «fttt* m3X^>f-t-5 3T-ftffl 

<n®* c«t •) . ( a ) ^sia^^^rrsi . -r*±>^ - ± 

T^flCKfcSfc.*. OJWfi^a^JWB'W'. ¥ 

iiHfcistvc. wmzmwifa. ■§-**>*>. ( c ) ures 

i mma x vm 3 x'M Bfcm»-3t^«a *s t 
* &tST#£ t -I. . ira 1 2 fccas *ifc*jfc#a»fc 

£9, MBEft (x/"W7-ft. &3>W±. ^-offijoiS; 
)&fjft) . l/V777-fft. x-?f-y7ft. SI^'&JMB 

tiwmmtt (mr) it^MKBUitjf^fW 

m l«««7««JSS:*Dl^i:L-C. H*fll ICE 

OT4*£*F#!WiHi i c. ski ioi (d* 

#) £«*>^fc**fl®B&±01 2C. Zirxtur^h. 

[»fcJS8] 08C^Uc«koC. $&&S«9 1 (B 
ifcfr) <0-tC, ( a ) ]EBH<0T«4»fe S 1 MhJz&a. 
£SkLT. *ftC*l5*Btt«ffi8 6 (ArtBH *» 
*U -e^JiC. |3I!:<iEiB0WT^5r5SkLT. 

(Sl+B; Sl=0-50nm. B=5~100n 
m) . ©W (W=5-5 0nra) fcitfUSHl (HI 
=2~50nm) OSSl 77X7J1 1 1 1 (Kfifcft) 

^dkCiO, ItSD (D=l-10nm) <W$tii<D. 

&m$>%\.yt'&&7yz?&, mmitmwz. §^c 

55SMS15 (F&#) JIIU **>±fc. $177 
7.7«k«U>^M7CT\ SL«t. *U*M-* 
-5 1 (Gfifcft) . fcit/. 3*277X71112 (K 
£^&U S5277X71<OP0(UC. Iffi0<7)T 

B (B=5~2 5nm) , (L= 10-5 On 

m) . Jf$Hl (Hl=2~50nm) CO, SS1$8|I|1 
1 1 (Fjfcft) fc±^25§i©lll2 (Fj£#) 5rJBl« 



U **>JtC. »l»Batt«fi8 6i:Httta<cW:o' 

£$t\ §s2^aftf;S8 7 (Ajft»> *»jru mi 
fcjtfgS25$&ttm@£>l§c. ftiftfcjpc* S53*&l§ 
14 3 (Cj£#) SrfftSU wiifeOflHCSUteiSJB 

4 1 <crtt^> ij±^2^y§4 2 (c^> m& 

t&WM?h 0 > !f#Jai 2Cie«$it5t:#^*^^ 

MB Eft (ifctt. XAy^-ft. 
flil<7)f£K^ft) . 'J 7 777 4 ft. ^^Tl-Sra^OED 

vgfi? h y *;W»*<offlaca^ < . 1 oco h y *;HU 

»**t * . h ^ */wwast ( tmr ) m^mms 

^K14S®87SC. ^«f-^«a[5r§5LTfc<i;. 0 
8(c) £WBH*>T#*»4>-fcfirfc» aE^jK«^OH^ 
>MW»*EPJlirtSi:#. StaaC. aSi<?)E|JJinCitJS 
■f§SEKT* s *t^. it^3S8^«|jiSr**?<: L 
T. ff^JSl HcS»t*»6*F«BttH 1 1C. 52 

mi o i ( dr£») ^ffl^^^sg^eii^Hi 2 
c. -e^n^sfxTv^. 

111*319] @9lc^t^J:3C. Ifc»*«91 (B 
Aft- ) cO±C. ( a ) jEffiHWTHfrfc S 1 ffixtzim 
S*fctT. «JH=»lil«ttWi86 (Ajft^) 

(Sl+B ; Sl=0-50nm, B=5~100n 
m ) . ||W (W=5~50nm) fcit^WSHl (HI 
= 2-50nm) cr>&17yZ?mi 1 1 (Kfifcfr) 
fc. m5^$iJJil 5 (F^) 5rfML (ICO^. K 
»4^l±, ^#H^t-. ^K-fSCLtCj: 1 ). 
BSD (D=l~l Onm) cO^ttO. ^SS>^>V^i-& 

mtt^tcum^tih) . ^±c. %i?y 

-5 1 (Gjfcft) . fiiV, S275X711 12 (K 
&b) $r»fi£t. ^OMlfflC. lEffiHiOTSS*^ S 1SI 

tifzmtz. m>$m** s &)tob-rts b (b=5~2 

5nm) . (L=l 0-5 Onm) . JfSHl 

(Hl = 2-50nm) (7). fltlUMVl 1 <FJ*$» 
fcJ:tJ f IS2^aiJ«l 2 (FA^) *^t. -5-fOJLC. 
mi««tt®fii8 6i:|iltfi[aca=S:-5^-C. ^2K 
KttmH8 7 (AA*) ^At. 4fc*<0±fc. iEffi 

m+T. S 1 + BO*§Ol^3 7 113 (KA 

ft) fcffcfcU ^<OMISJC. TS*^Slf8ix^S 
C . jESHO«l^[6l * ^^TI6I k -f h& 3 1 3 
(Fjfcft) 4iJ:l^W45WIJBl4 (F^) tr^figU. 
&377X?®WJ:<0^U^iSC. «t^^©-C. ^ 
27.^-^-5 2 (G^) . fcit/. ®4 77X71 
1 14 (Kjfcfr) t. ^63§i0JJil6 (FA^) 
U >e^±C. ]Effl@cOT4i8A^ S 1 cOfiS$:4§k L- 
T. »l*jJ:ti«»2ifcBltt«5t:*Sf»fcttKC. »3 
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(sic. ztiztimtrfzm. ^4^iii4 4 (c* 

ft) 8J:tfSR5«flai«MM5 (C**) £ft«U 

si. &2tikv%3mm%mnm®£'mim!§ 

4 1 (C*») . S2ffii*JI4 2 (Ofcft) *5±1>'S3 

ibss 4 3 ( c*# ) t **i*ti»** 4«iarr * o , 

MSfll 2 C12a3ftfc#Jfcfr*><b$r9. MBEft (£ 
fcfi. x><»/?-ft, 3W>te. *<r>ffico«ffi*ffi) . 

(TMR) *?<0flBai$J:^«ofW* 
ft. S 2^Ktt^®8 7 . fc <tl>'. S 1 ^®ttmffi8 6 
IK. »2!MMHM8 7. fcitf. S35$Bi 

( c ) £WBffla<0T**»fe±*C «S«MMW>«^Jf. 

**EI*T**&t*. «*«9<7)fitiI£#S?fcU a 
23B1 lfc:lE*Lfc«a*?»»*Bl iSKJBl 

0 1 (Djfcfr) *lfi*&£rtf*6«O0»*Hl 2£. * 

Cll^io] 01 ofc^Sivc^sidfc:. *6J*g 

«9 1 ( Bf8ft) CD.LC. ( a ) IBSaoT®!*^ s 1 

Kwt tat* at tx , ttfte* i 8 6 { a 

LT. I? (Sl+B ; S 1 =0-5 0 nm, B=5~ 

1 0 0 nm) , (®W (W=5~5 0nm) iiiWSH 
1 ( H 1 = 2—5 0 nm) <7)S 1 77^9 fM 111 (K 
Jfcft) &%. *4VM±. s^a^+T\ 
rt»t*£ USD (D=l-1 Onm) OS 

SlWifcCWtC «^lSlSr^*^i:t-|>. «B (B 
= 5~25nm).ML (L=10~50nm) . J* 
?H1 (Hl = 2~50nm) <0. Sl?liM11 1 (F 
fifctt) »J:tfW23l9Ml2 (Fj£#) *#«U 

±t;:. s 1 ^smsi68 6 1 r tffliifca3:->fc#-c, 

S23B5»6mffi8 7 (Afifcft) fcflWU SlfcitfS 
2BtBttWW>Hlfc. J**ilfc»?. S3I&&S4 3 

(c&s#) jmu eix4,^}gfflicmiijy*a4 1 
(cb£^) foitxm2^isi4 2 (cm) mmh 

ffl&X'b r> . W*JS 1 2 fcfett$*lfcSJ£#A>fefc o 
MBEft XA'v?-ft. £&Ui. %<»m<r) 

MR) 9^<9JB©&±t^c0fmfrft. si3aatt^« 
86. fcitf. *25MSH««8 7IHtc. &n*-£m«£ 



£SlLT*5< b . 11 1 0 ( c ) SfflffiawT*"*^^' 

ocoi?}jt*m^fcLT. m*gi i tziffiti&£m 
=mm$m 1 1 seiss i o i ( dbsa-) 

rtf#F»IMiHl 2£. *iv«i*SiiTV>4. 
[fi£JSl 1] 01 lKSSftO^iSfc:. 

JfeSStK ( B&ft) 0±fc. E^O^ffifil (Giant Magn 
etoresi stance: G MR) r-y*/MBS3Bffl&ft 
St (TPMR) ^ttJS^ffiCC (An 

isotropic Magnetoresistance:AMR) i^^fc. t'-y 
■f- P 3t, m3«EWLfc»!B*ft5. M*fll2Cffi 
ttSftfc**^'** 1 ). MBEft (ifcli. ^'/^ 

-ft. *4v«. *offi<^fira) . 'JV^7-rft. 3 
^=5^MWBE*09«lli*J i^SWrat^i 0 f^SJ-r^ d fc 2r 
WtttL. E^SmSfit (GMR) h^KT 

mr) $6*. mum&zmn (amr) a*. 

i"^. GMR. TMR. AMR. $>S^ii. GMR — T 

[|f*^12] Si S2?7^?f 
ffi. mi«ffi. m2«@. mi?S?att«S8 6. m2& 
Kft€®8 7. *J±V. m3^«tt^®8 8SrfllBS;-f 

#HW>*&HA*#i:l/C. Fe. Col<7«i 
tt«tt5:»O^JR. fccfcl^. CoPt. NiFe. Co 
Fe. N iFeCoH^MftfflU imgM9 li 
flftftfiBjfi*. =Sr^>^. ftl. 312. S3. S43 
J:l>'S5^J14 6. 4 7. 4 8. 4 9fc±tf4 5*1f 
f8.thCf8.ftb LT. ^tt#e*^T^5+ (A 1 

2 o 3 ) foii^s i Oz.wzttiztiffiQL. &mm¥at 

<nffiltzW&kW£. (soft ferromagnetic material ) # 

a8Jiioi*aww*D)j6»tt"C, Fe 

Si££. 7t/l'7rX^(FeNiMoSiB > F 
eCoSiB, CoMnB. CoHfB, FeCoNb 
S i BiiJrtfF e N i P B^) . iftflXt*^ • 7i 
MMMeFe : 0 ( ; dCC. Meli. Mn. Fe. 
Co. Ni. Cu. Zn. MgfcitfCd. 
infe<04«<0ffl»'&*>*"C*l. . MnZn. NiZ 
n. LiZn. MgZn. MnMg. MnCufcit/L 
iNil?) . fcitX. N iCuCoMnAl 7i5-f 

tt5r«fflt. SI. S2. S3fcJ:^S43SSiJSl 
1. 12. 13fcit/145r«jS-rSFffi^f:Lt. * 
^fiBES (permanent magnet) kPHS^ISSrJtOlgefiKtt 
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ft (hard ferromagnetic material ) XhZ> , BaFe 
, 2 0 18 , SrFe !2 0 19 i5j:tfPbFe l: 0 19 «-7i5 
J MP. SmCoKStt^, fr<^£, 
fc&FeMn, NiMn, NiO. PtMn, PdPt 
Mn. RhMn, Hit/. Mn I r££^£f$fflL, % 

lX^-f-5 1, ?fS2X'<4-f-5 2, W,J>X^A*r 
-5 3, ^4X^"f-5 4, toXV. 9?X?fflX*<. 
jy—SeZm&fhG&fttLX. Cu, A 1 , P 

t, Au, Pd, MnifcS^te, &gft#«tt&E4*: 
l±£&*ffifflU ^Kitftco^^x^^^miijj:^ 
&2?yA?mm&tZ>. KiftfrklT, Co-Al 

-O, Ni-Si-O, Co-Si-O, Fe-Mg- 

o, Fe-Hf-o (JJLhti. ®mbZ^\&%M®% 

t£Z\ Co-Al, Ni-Si, Co-Si, Fe-M 
g, Fe-Hf-^M- MBEiS, Xrt-,?-mhhW 

iitnitimmx'ism-z ) , s^v. f e -Mg - f 

Xt-y^hV^2S**rlI3k-f&, W^JSl 
2WX IWWIl. 2, 3, 4, 5, 6, 7, 8, 
9, 10*3«ttfl lfcHE»L*:GMRfcJ:t/<TMR£? 

[l&^PSBt'il'E] 
[000 1] 

[$S^Jg1-£8ffi#frl MBEi£(4fc 

k, xKvttfflKMKiBft». **v^4, xtf>«c#r- 
(OMR) 

t±, xiry«S»fy*/i«SMHIt (tmr) CTS- 
[0002] 

[ft#C0&«] Cu-Fe, Cu-Co, Ag 

-CofcSl A g-Fe tfflli^fc*-?* ^17- 

. tr-A ■ itn^ (mb e ) mizm&mw&zft 
jfttfc*). -ixyMixf • t'-A ( i c 

B) Cu*ivM4Ag«yeby»^X+lC. 
F e * * V «C o ^*>3S&tt ? 9 X 5- tfKMMGBflr? 

(fflxtf, S. Mitani et al. J. Magn. Magn. Mater. 1 
65, 141(1997)) . Zff>i^m^r>Xit. m& 



fit (39ffC1i. Magnetoresistance) 3&*<D£jaUSHT 
4fc, ifefltttfr (0Utf, Co**VU4Fe) 
k2B8tt$tt£i^¥*ffc*&^<ilfi^ (#,*.{*, G 

e . a i , o 3 ) immwzmmitz^t. h y* 
/umMmfmimticbmhtix^tz mi 

(f, S. Maekawa et. al, IEEE Trans. Magn. MAG-18, N 
o.2, 707(1982) ) . 

[0003] z<n*o%m8&&?Zft^X. 9ER9 

fflcoM^^/FffmL. ztnz, mm^WLtx. 
wmwz%&ixw< t * . ®,mto<n®t<wk<vz 

[0004] 

•ft** £ < -f 6 £ k tfffiJfcS: n k v » 3 XStffc -> • 

[00053 iwmbi*. hwpc 

«»t* £ k fcj: •) , afflWWffc^WOSrtET 

x\ xvymfE.±m%&ti&m. h^t. xt-yts 

f yffiff 1- y*)V®%mm<w£teh i ±* v ^£fNK 
-TSikS-IWkLTV^. 
[0006] 

-f-t-, . mis »2. HI 3. »4J3J:^»5«IW. 
»1. *2. *3. »4. m5feit/m65SSH», 5r*> 
tft, HI, »2, m3tiXX/t&4 7?X?l§Z. MB 

ffl^Tffrft-f&.ikc.fcy, g»mc, g^a^fits: 
«, hy^mm&mntmi. 
izxm&x-z&jm*). £*mm& <gmr> #^ 

7-, xKy«gffFv^;wfflE^S: (TMR) S) 
[0007] 

W?l®t)?k 15$ ^ JW h Z k ( 1,2, 
3, 4, 5, 6fcJ:tf7) , ftl»UtJ. ^^X^lfcJ: 

9J3<kC/l 0) *«, E^IE^iitffl, **^tt. XKV 
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Jgffi (GMR) *ff. ft*V»U. 
SUgtf (TMR) IfSWtii. 
[00 08] ®9t^fTPMR*^tt. mi3S«tt^ 

[00091WWU, 2. 3, 4. 6. 7, 8, 9*3 
j:tfiot=fE»Lfc§lff«jIfci5^ K*#*»fcfc* 

T 9 0 KHIts Lfctf flfcfiiWi - ^ . S3V WgHat§#9flni 

ungs-e-r, jMraM^^fcto***. systems?)* 

[00 10] 2. 3. 4. .5, 6tsXV7£ 

( c ) aiBHo^^s^rifeits 7jff:frfacffl< . 



[00111SW&I8, 9. aJ:^10(ClSV>TI4. * 

X^-9--<0Ji§*s (antiferr 
omagnetic coupling) Sr±t*^SSKJ?<"f S. 31*1 
0£flt£-f.&Kl£#tt, *A8PB'( Permanent magnet) 
t^LW^tt*}*-5liS3Stttt* ferromagnetic m 
aterials) *>^^SJt*tCs S#B*. StV^rlfflSB**. 

j: o . lis [0009] tEaufcBsaasawbwsii 

[0 0 12] »*JS8» 9iiJ:tf 1 OfclBBLfc. Si 
[00 13] 

[IKttH] «l*±t«l2C. HftWS#. Sfflt 
», A. B. C. D, F, Gfc<fctfKj£#?)*m, fcfc 

2 3 3K~3 83K-C5~10%. l"S^J«233K 
~383KT10~20%. fcitf, rft£jte233 
383 W 20-30 &*)B«fiiltSEfc***i> 

■f.. 

[00 14] 
[«1] 
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[00 15] 



ma. 


ABE 








Ffifctt | 


Gfi£j 






1 W ^ ~ 


fltaai <p«a__ 


Co t 


U2G3 


AI2C3 


FeSi 


BaFel ZOl 9 


Of 1 






j 1 

2 




Co i 


U203 


A1203 


FeNlMoSiB 


[SflO 


All 1 




ftft 


3 




Co j 


W2Q3 


$102 


FeCoSiB 


SrrelZOia 


rU 




ftft i 


4 


n*JR4<D«iS 


Co 


W203 


SIC2 


CoMnB 


FeMn 


rx 






5 


areas <p«a 


Co 


$102 


AI203 


FeCoNbSIB 




pt 




•ft 


6 




Fe 


Si02 


SI02 


FeCoSiB 


IrMn 






«ft 


7 


»*JB7(0llifi 


Fe 


S02 


5*02 


CoMnB 


PtMn 


Mn 




Sft! 


8 


H*3180)W38 


Co 


AI203 


A1203 


MnFe204 


MO 


Pt 


CoAlO 


Aft 


9 




Co 


AI203 


A1203 


FeNiMoSiB 


BaFe12019 


Cu 


CoSiO 


•ft 


10 


11*1*1 0<Dt» 


Co 


A1203 


A1203 


FeSi 


SmCo 


Cu 


CoAiO 




11 


»*ai i (DOS 


Co 


AI203 


AI203 


CoHfB 


PbFe12019 


Cu 


NiSiO 


«a; 








*««! 




A tic 


31* 


C## 




FwWt 






SIR 


12 


a*jsi<D«ifi 


Co 


S102 


Si02 


FeCoNbSIB 


PbFe12019 


Pt 




AM 


13 




Co 


At203 


SI02 


Fer*PB 


FeMn 


Pt 




Ad 


14 




Co 


AI203 


AI203 


MnFe204 


BaFel2019 


Pd 






15 




Co 


AI202 


AI203 


Fe304 


PtMn 


Au 




1 a* 

i 


16 




Co 


AI2CX 


\ A1203 


! FeSi 




Pt 




S* j 


17 




Fe 


SHD2 


$102 


Fe304 


PtMn 


Mn 






18 


I »#*7<&«S 


Fe 


S02 


j $102 


FeCoSiB 


Srfe1201* 


h Mn 


= 


«a 


19 


B«m8©«a 


NiFe 


Ai2C 


3 A1203 


FeNiMoSiE 


I SmCo ! Pt 


FeMgC 


fiA 

i 


20 


«#«9<mmi 


CopJaKO 


3i A1203 


FeCoNbSil 


3 PbFe1201 


9 Cu 


FeHfO 


■A 


21 


Si#*1 0©«H 


li NiFe 


• AI20 


3 AI202 


\ FeNiPB 


BaFe1201 


9 Cu 


FeZrO 


•A 


22 


jst*ai i<D«i 


— r 

S: NiFe 


i AI203j ACQS 


J CoHfB 


PbFe1201 


9 Cu 


CoAlO 


ftft 



[00 16] 

-rs. awiKBmia**-*-. (a) 

( b ) liuESa, fcitf > ( c ) H®0T'J>6 . 
[02]*HM:U:S&K m2mffifcJ:^27 7X 



( b ) ( c ) fflIEI2-eft-&. 

[H3]«*BHfclfcJSliiJ:tf*2«S. fc&tfl=, 
ij^xoc7)^1^7X^«SSr*tl>, ffiMSfii^^ 

( a ) <i¥®0. ( b ) {ilffl@, fci 
tX, <c) lgmMX'fo&. 

lH4]*WWtLfc»lJ3J:tf»2Wi. 

tmz^-t. < a ) a^ffiH. ( b ) tiiEffla. 

l>\ (c) ffl!lffliaT'S>S. 

H, ( b ) lilffiH. fcitf. ( c ) KSi® , C*5. 
[B6] SfiBHfcW:JBl*S. iJJ:^. 
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( a ) JiTfflH, ( b ) ttjESH, fcitf. ( c ) MB 
0-CJ>l>. 

m9yx9W^i^^, mmm=mm^-t. 

(a)li¥ffi0. (b) {±EffiH. tiXTf. (c)ifflH 
1 08 ] SI 1 7 5 x tmWzhfth 9 7 x ?<r>x e yco 

#A»fc_tfrfcH5fcU ®2?5X?«4H;:i3(t&7 5;*. 
?oxt;y<D[6]#*\ m 1 is cfct^m 2 Sfe0JJltc J: 0 . & 

mt#«^st' ^ana^oifi] § \zn vx . 90 xmc l 

flMSr^t. ( a ) tiiEffiEL ( b ) J±Tfflffi0, 

[09] mfcJt/lil4?7X?Jl<K:;fcftl>:?7X* 
«>xey*>[S|**. *5£J:tfl|l6ttMJf«>0*CJ: 

»2. H3«j:iffll4IHM(=J:9, 
WCRSU §§v^hSS^^cOf^ffllc=t 0 . 3S2fcJ:tfl& 

shmwjhw-* « 2oohy*/uB»t*i-«, bus, 

JHSafrFflBI**-*-. ( a ) <iIEffi0. ( b ) <iT08® 
totth9yx9<r)X\z><r>\?i\%z^ ftm&heyHfaKSZ 



St. ( a ) ttjBBH, (b) ttTfflBBH. fiit^, 
(c) i±feWE0f*S. 

[01 1] E*S8$U£ia (GMR) **WJhy*/HB 
S08S(TMR) JMtWmSffl, ir**p3?l*HC 
EWtfc««ll<^t^R^t*t. (a) (2¥iB0, fcj: 
^ (b) (iflWIlTftS. 

[012] f¥tai>St(a) ¥B0£*5^T, ffiB 

s * * . mmjs i o i £&*&^'i*&<7>&^si£s 
-r. (a>{i^H0. (b) \issmsthi. 

1 1 :*13MJI 
1 2 :£23ftM« 

1 3 : m3mm 
1 4 : ®mmm 

1 5 : fS53£3ii|>f 
1 6 : ?fl63$$IJJl 

41 -.mimm 

43 :H3*6»® 

4 4 -.w-Awm 

45 :^5^i 

5 1 

5 2 : S2^Mt- 
5 3 :m3X^Hf- 
54 :^4X^-ft>-- 
5 6 : ^X^ISJX^If- 
8 1 
8 2 : 

8 6 :^l^ffitt^S 
8 7 :l(S2§$igttm@ 
88 :m3^Htt€S 

91 -.mm. 

10 1: iISt/1 
1 1 1 :mi9yX9M 
1 12 :£2?7X?J1 
1 1 3 :3S3?5X?Jf 
1 14 :%A9yX9m 
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Cb) Tflrara 



[012] 




(b) MB 



